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METHOD AND APPARATUS FOR THE ELECTRIC MEASUREMENT OF PHYSICAL VALUES,
FOR EXAMPLE, MEASUREMENT OF MECHANICAL

STRESSES

German Federal Republic German Patent Office

No. 837,476 Class 42d; Group 5
(p 43231 IXb/42d 1)

(e ' Date of issue: April 28, 1952

Issued under the authority of the first transition law of July 8, 1949
(WiGBl., p. 175)

Named as inventor: James Garrett Yates, Cambridge, U.K.
Elliott Brothers (London) Limited, London
Patented in the German Federal Republic, May 19, 1949
Patent application published September 6, 1951
Patent issuance made public March 20, 1952 .

Application priority of August 15, 1947,in Great Britain was recognized

This invention concerns the electric measurement of physical values ﬁille
with the aid of transmission instruments, which indicate a change in an
electric value resulting from a change in the physical value being measured.
Such instruments may be of complex design, for example like a capacitance
microphone or a gramophone cartridge; however, they may also be simple, for
example like a resistance-measuring device for measuring mechanical stress,

a resistance thermometer, a bolometer, or instruments for force measurement.
In the description that follows, we shall cald all such instruments measuring
instruments for the sake of simplicity. Such instruments may be designed to
measure mechanical stress in a test specimen, temperature, moisture, light
intensity, frequency of a magnetic field, or other physical values.

* Translator's Note: Numbers in margin indicate pagination of original
foreign text.



It is customary to comnect a measuring instrument for mechanical
stress to a branch of a Wheatstone bridge and to supply the bridge with
d.c. or a.c. current; in such cases the voltage is measured at the ends
of the galvanometer diagonals and the ratio between the input and output
voltages is regarded as a measure of the change that took place in the
mechanical stress on the test specimen or part. In such an instrument —
especially in cases where the circuit is supplied with direct current —
the major characteristic for the evaluation of the system depends on the
sensitivity of the readout instrument in the galvanometer diagonal. It
is difficult — especially in the case of circuits containing an ampli-
fier — to maintain the input voltage at a constant reference level. This
difficulty is partly alleviated by feeding the system with alternating
current; however, in this case the bridge must be brought to an equilib-
rium both with respect to effective resistance and blind resistance, and
additional difficulties are created by the fact that there may be scatter
capacitances and upper harmonic vibrations in the circuit.

It was found that these difficulties may be significantly re-
duced or entirely eliminated by the use of electric input pulses with
a bridge having a suitable amplifier and readout instrument in the gal-
vanometer diagonal. If the system is operated in this manner, the bridge
is easier to bring into equilibrium than in the case where excitation is
accomplished with constant voltage and frequency. If direct current pulses
are used at the imput, the sign of the output voltage is indicated di-
rectly, and this is particularly advantageous in measurements using -a
single measuring instrument. In addition, operation with pulses simplifies
simultaneous measurements at various locations as a result of the possi-
bility of indicating the test values on a cathode-ray tube. In such cases
the bridge may be supplied with high-frequency current pulses instead of
direct-current pulses. In either type of excitation, a symmetric transformer
arrangement in the circuit may be used instead of the bridge circuit.

One aim of this invention is to create an improved method and an
apparatus for the electric measurement of mechanical stress in a test spe-
cimen or part, or for the measurement of another physical value by using
conventional transmission devices in values of electric impedance. One of
the particular features — although not the sole particular feature — of
the invention covering the method and apparatus is the ability to carry out
simultaneous measurement of physical effects at a number of locations, for
example to determine mechanical stress at various areas of a test specimen
or part or at different test specimens or parts, without the need for making
the responding or indicating devices unduly complicated, or having to use
several of them. \



According to the invention, electric vibrations having a
predetermined relation to a given physical value are generated in such a
manner that a measuring instrument is fed with a series of pulses of
electric energy having a relatively high repetition frequency, so that
' as a result,the measuring instrument is exposed to the appropriate ef-
fect so as to obtain a set of pulses that change with corresponding
changes in the physical value concerned, and thatﬂfinallyﬂthe instru-
ment indicates or measures the characteristic concerned.

The characteristic selected for measurement will depend on the
design of the instrument; generally, however, it will be a:pulse charac-
teristic indicating its magnitude. Other characteristics such as ampli-
tude or phase may also be selected, however.

- Changes in the characteristic of the pulse are preferably in-
dicated optically; a cathode-ray tube is suitable for this purpose.

A number of measuring instruments is fitted in various locatioms
and each instrument is fed sequentially with pulses. This is the preferred
arrangement. These pulses, which are changed by changes in the measuring
instrument circuit, may be fed simultaneously to the same instrument, such
as a single cathode-ray tube.

The pulses fed to a measuring instrument may be generated either
by amplitude-modulation of a direct current or the amplitude-modulation of
an alternating current; modulation may be 100%. Optionally, pulses may also
be obtained by consecutive frequency-modulation of an alternating current
in periods. If, in the latter case, several measuring instruments are used,
each measuring instrument may be connected to the pulse source through a
bandpass filter circuit that accommodates only a specific frequency range,
and the alternating-current wave may, for example, be continuously
frequency-modulated from an initial value to the final value, whereupon the
modulation is rapidly reverted to the initial level.

. In cases where the physical effect being measured occurs at a re-
latively inaccessible part, for examplelin cases involving|temperature or
the mechanical stress of a moving part such as a propelléf_in a flying air-
craft, the devices needed for carrying the altered pulses from the measuring
instrument to the readout device may contain a cable or a radio transmitﬁé}l
and receiver, whereby the pulses to be measured are transmitted in the form
of modulation of the carrier wave. Various measuring instruments may also be
fed with pulses from a given source.through a common cable connection, or
each measuring instrument may be fed separately by means of capacitive or
inductive coupling.




The invention also envisages a measuring instrument design in
which the measuring instrument component is the terminal of a coaxial
cable., In cases where the measuring instrument component is a resistor,
the latter may consist of a conductive layer deposited on the elastic
insulation substrate or mounted to it, with a conductive mantle sur- ; i
rounding the element. &.4§:J

Several embodiments of the invention 'shall now be described on
the basis of the drawings; however, they are to be regarded as examples
only.

Figure 1 is a schematic drawing of an embodiment containing
several measuring instruments.

Figure 2 illustrates a typical image indicated on a cathode-
ray tube when used as shown in Figure 1.

Figure 3 illustrates another form of the indicated image, in
which the signal generated by each individual measuring element extends
horizontally and vertically over the other signal.

Figure 4 is the circuit diagram of a simple measuring bridge,
showing typical waveforms for the input and output pulses.

Figure 5 shows the components of part of the system defined by
the pulse generator circuit illustrated in Figure 1.

Figure 6 illustrates an amplifier stage with a zero-point cor-
rection circuit connected to it; the purpose of the latter is to counteract
the tendency of the zero point to shift in the a.c. amplifier illustrated
in Figure 1. The tendency to shift results from its limited time constant.

Figure 7 is a diagram of a circuit used to control the zero-point
shift and sensitivity of a measuring bridge.

Figure 8 is a circuit diagram of a measuring bridge for the mea-
surement of frequencies.

Figure 9 is a block diagram of a system containing several mea-
suring elements operated with high-frequency pulses.

Figures 10a and 10b illustrate alternating current waveforms as
used in the system shown in Figure 9.



Figures 11 and 12 show embodiments of measuring element circuits
in symmetric form, differing from the arrangement illustrated in Figure 2.

Figure 13 is a diagram of an arrangement for measuring stresses
in an aircraft propeller blade in a flying aircraft.

Figures 14, 15, and 16 illustrate various designs of resistance
measuring elements.

Wherever, in the description that follows, reference is- made to
resistance elements for measuring stresses in accordance with the terms of
the invention, it should be realized that with any alterations, resistance
or reactance measuring elements may also be used for measuring other phy-
sical values such as temperature, moisture, and the like, instead of mea-
suring elements designed to measure mechanical stress.

The setup illustrated in Figure 1 consists of 10 similar measuring
bridges 1, of which the outputs are connected in parallel and comnected to
an alternating-current amplifier circuit, while their input is fed by ten
synchronized pulse generators 3. In a typical setup, the pulse-repetition
frequency of each generator is 10 kHz per second, and the generators are
connected in such a manner that they operate sequentially; an eleventh
pulse generator is included in the circuit 3: it provides a gap period
of the duration of a pulse during which a cathode- -ray display device 4 may
return to the time base. Owing to the fact that the amplifier 2 has a
limited time constant and tends to exhibit a zero-point shift, the time
interval in each period during the consecutive operations is also utilized
to reset the amplifier output to zerc in a mamner to be described later.

The shape of each pulse is regulated by a shaping circuit 5, which
in turn is controlled by a main oscillator 6, while an additional dutput
- of the shaping circuit 5 serves as a brightness control pulse for the cathode-
ray tube 4. The temporal occurrence and the duration of the brightness control
pulse may be adjusted so that the initial part of the output pulse which is
perturbed by control reactances or effects on the circuit is left in the
dark and the signal is brought to the desired degree of brightness only
during the period of the wave height p (Figure 4). A third output of the
shaping circuit maintains a step voltage generator 7 in synchronization;
its output is fed either to the X electrodes of the cathode-ray tube 4 for
 generating a picture, of the kind illustrated in Figure 2, or the Y eiéctrodes
for generating a picture of the kind illustrated in Figure 3. A switch 8
is prOV1ded to.permit selection to be made. If this switch is set to pro-
duce a picture of the kind illustrated in Figure 3, a sawtooth-shaped time
base is fed from a sawtooth generator 10 to the X amplifier 9 of the X



electrodes, while the step voltage is fed through the Y electrode ampli-
fier 11 to the Y electrodes.

The picture of the kind illustrated in Figure 2 is such that
each vertical signal 12 corresponds to the output of a measuring element
in an appropriate bridge. circuit 1, whereby the amplitude of each upper
part 13 of a signal represents the magnitude of the change in the value
of the | physical property belng measured, and the average height of the
part 13 indicates the average value of the physical property above the
common zero line. Thus, it is possible to measure easily the fluctua-
tions of a physical property such as temperature or stress in various
parts of a structure at the same time, and their relative magnitudes may
be readily compared.

There may be cases where it is desirable to study in detail
the fluctuations of the physical property represented by the various
signals 13 in Figure 2 through their amplitudes. If, for example, the
property being measured depends on the stress to which a vibrating part
such as a propeller blade is subjected, the frequency of the time de-
flection voltage will be lower than the grouprrepestition frequency of the
pulses fed to the measuring elements 16, and synchronization with the
vibration period in the test specimenuﬁéy be accomplished. In a system
of this kind, the structure of a desired set of vibrations in the test
specimen is shown as a stationary display 132. Each signal is composed
.of a series of consecutive points, of which the height above the base-
line is a measure of stress. If the scamning rate is low, these points
may be brought into contact so as to form a wavy line that corresponds
to the waveform of the mechanical vibration in the test specimen.

To accomplish this, the switch 8 is brought into the lower po-
sition as illustrated in Figure 1; this will cause the step voltage output
of the generator 7 to pass to the Y electrodes of the cathode-ray tube 4.
The increases in step voltage are synchronized with the pulses generated
by the pulse generators in the pulse-shaping circuit 5 in the circuit 3,
so that the points of each signal 12 corresponding to the output of a
bridge 1 are shifted vertically above the points of the other signals 12
anddat the same time;they are widened by means of the time deflection vol-
tage and;as a resultjeach part 13 appears in the form of a horizontally
extended signal 13a (Figure 13). . In this manner'IE]becomes possible to
observe the characteristic of the fluctuations in the amplitude of the
physical value being measured in detail.

If photographs are taken, it is preferable to remove the time-
base voltage of the X electrodes of the tube and to pass the sensitive
film at a suitable speed.
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By using barrier circuits, it is possible to select any of
the lines of pulses corresponding to a given signal and to pass it to
an external measuring instrument such as a counter or recorder.

Each of the bridge circuits 1 is arranged in the configuration
illustrated in Figure 4; the arms of the bridge consist of pure resistances
with a fixed ratio 14, found at a suitable location of the setup. These
arms are connected to the other two arms of the bridge 1 through com-
pensated or shielded wires 15. The other two arms consist of a measuring
element 16 and a compensator 17 arranged in such a manner that the mea-
suring element is subjected te the physical value being measured and
the compensator corresponding to it is not. However, the latter has such
electric characteristics that wunder the prevailing conditions it is
equivalent in this respect to the measurlng element 16. Such arrangement
is conventional and well known.

The bridge 1 is fed by a square direct current pulse P4 having
a short period; a pulse P, comes from the opposite diagonal of the bridge.
The latter has an amplitude that depends on the degree of the asymmetry
of the bridge circuit 1. This pulse Pz will have a different configuration
because of the combination of resistance, inductivity, and capacity pre-
vailing in each real circuit. Depending on the conditions prevailing in
the bridge circuit 1, the first part of the pulse may be rounded; it also
may - as illustrated — overshoot and decay at the level p.

The pulse generator circuit 3 consists of the measuring element
system illustrated in Figure 1; it has 11 steps (see Figure 5), of which
ten are identical and connected to the corresponding bridge circuits 1,
and the eleventh is a delay or gap step during which delay or gap period
the direct current level of theiﬁﬁﬁlifier is reestablished. The period
also permits the resetting of the time base circuit, so that the picture
in the cathode-ray tube remains in step with the output of the various
bridge circuits 1, and none of the end signals 12 is covered. Each pulse
generator circuit consists of a dual triode 18 comnected to form a compen-
sated multivibrator circuit, with one anode 19 being connected to the
first bridge relay 1 (illustrated schematically in Figure 5) and the next
step through a capazitor_gg. The circuit of each tube 18 is arranged in
such a manner that it generates an excitation pulse lasting for the
eleventh of the full operating period of the circuit 3, and each output
pulse serves to trigger the next step, so that the pulses follow each other
from the first pulse to the eleventh pulse which in turn triggers the first
step at the beginning of the next operating period. In this manner each
bridge circuit 1 is sequentially triggered by a pulse so that only a single
bridge is excited at any given time. During the period in which the eleventh
stép generates the pulse, no bridge is excited, and no power is fed to
the amplifier 2.



A short pulse is generated in the pulse-forming circult 5
(Figure 1) and then fed to a tap 21 (Figure 5) on the common cathode
of the pulse generator 18 of the pulse generating circuits 3. This
pulse is generated simultaneously with the beginning of the excitation
pulse on each anode 19; it serves to make the waveform more precise and
to ensure that the pulse generating circuits 18 remain precisely in step.

Since the amplifier 2 is of the a.c. type, it has a limited
time constant; as a result, a tendency to shift the zero point of its
output is evident. In order to rectify this, a barrier circuit is
connected to one step of the amplifier, preferably to the terminal
step. Such a circuit is illustrated in Figure 6. In the arrangement
illustrated in this figure, the last step of the amplifier consists
of a double triode 22 which is fed by a symmetric input 23. Each grid
of the double triode . 22 is connected to the anode of the barrier tube f?é“"
24; the grids of the latter are connected to each other and are fed by '
pulses (see 25) from the anode 19 of the eleventh step of the
pulse generator c1rcu1t 3 (Flgure 5). The _purpose of the barrler tube 24

'nerators 3 and — on the other hand — to reestablish the zero level
of the ampllfler output as a result.

In order to set the zero level of each bridge circuit 1, the
input pulse may be fed through the slide of a voltage divider 26, that
connects the adjacent bridge arms (Figure 7). Each bridge 1 must be ad-
justed by the zero position 26, so that the signals 12 on the cathode-
ray tube 4 are correctly displayed. The sensitivity of each bridge is
adjustable also; for example, by means of one or more adJustable re-
sistors 27 connected to the output circuit.

In cases where the bridge circuits are also in parallel connec-
tion, it must also be realized that they may also be comnected in series
if desired, or be coupled through transformers.

Figure 8 illustrates a bridge circuit la for measuring frequencies.

In this circuit, the measuring element consists of a thermal resistor lﬁa

or another element, of which the resistance is a function of the current
flowing in it, and a resonance circuit 28, 29 is connected to one diagonal
of the bridge. The inductance 28 has a tap 30 in the middle; this is con-
nected to the other end of the thermal resistor. Such a bridge is com-
pensated only if the voltage that develops on the resonance circuit 28, 29
is zero. The value to be measured is applied to the coupling winding 28a

and the resonance circuit 28, 29 reacts to the presence of a component t of
the value concerned by a frequency that equals the resonance frequency.



The resulting voltage at the thermal resistor }gf_changes this resistance
and takes the bridge lf_out of equilibrium; as a result, the extent of
the imbalance is a measure of the amplitude of the component at the app-
ropriate frequency. In the picture that results, as illustrated in Fi-

_ gure 2, the amplitude of the vertical lines 13 corresponds to the magni-
tude of the frequency component to which the individual circuits li

are compensated. From the picture illustrated in Figure 3, amplitude
modulations at any of the frequency components may be determined since
they appear as vibrations in the corresponding line iéi.

The resistance of the thermal resistor lgf_or similar device
will not change significantly during the period of the brief test pulse
applied to the bridge 1a since it is relatively laggard. The presence or
absence of the pulse itself w1llJtherefore}not affect the symmetry of
the bridge. A circuit of this type may be used to measure and analyze
frequenc16540r upper harmonics of a number of bridges 12 of the above-
described kind are fed by the power source being examined in parallel
circuit.

The above-desc¢ribed measuring circuits may be used with mea-
suring elements that convert other physical effects into changes in
resistance or reactance. For example, temperature is measured by in-
sertion of a resistance thermometer into one or both of the bridge
arms 16 and 17 shown in Figure 4. Moisture may be measured by using
a measuring element consisting of a conductive strip made of absorbent
material. Illumination may be measured by using a suitable light~
conducting cell as the measuring element 16; magnetic field strength
may be measured through the change in resistance of a bismuth wire
element. A multichannel measuring system may be used for the simultaneous
measurement of several physical values from aremote locationm.

Figures 9 and 10 illustrate another method for using the bridge.
In the methods described so far, direct current pulses were employed. The
setup illustrated in Figure 9 uses alternating current pulses.

The various bridge circuits are fed by a common frequency-
modulated oscillator 30 through corresponding bandpass filters 31;
each of these filters being adapted to accepting a characteristic fre-
quency range. The frequency ranges of the filters are chosen to accommodate
a certain band, for example between 500 and 1000 kHz. Each fllter 31 is de-|
signed to accommodate a specific, characteristic frequency range, and the
oscillator modulation is brought continuously or stepwise from 500 to
1000 kHz during a period of, say, 100 microseconds, and then brought




back in, say, 10 microseconds to 500 kHz. Thus, the filters 31
operate like selector switches so as to excite the corresponding
bridges 1 in that part of the period during which the modulation
passes through the frequency range assigned to them.

The waveform of a typical modulation is illustrated in
Figure 10A. The frequency increases from O to P continuously, and
then abruptly drops to the starting value O. This cycle is repeated
several times, randomly. Each cycle of such frequency fluctuations
is subdivided into ranges OA, AB, ... GH, HP, whereby each of these
ranges has a width corresponding to the bandwidth of an assigned
filter 31. Each frequency range OA, AB, etc., thereforelappears at
the corresponding bridge circuit 1 as a pulse of relatively short
duration.

Figure 10B illustrates the manner in which the waveform
shown in Figure 10A between the consecutive frequency ranges OA, AB, ... =
[HP in Flgure iai_ﬁgg_ﬁg_suéaéssfully amplltude—modulated in order _to cobtain short\
perlods during which the amplitude drops to zero or close to zero.
This would separate the various frequency ranges more sharply from
each other and create steeper wavefronts. The rising and falling pulse o
edges are thus sharply pronounced by means of the amplitude modulation f/GJ
so as to shorten the period of ascension and decline of the current
through the filter 31. Piezoelectric crystal resonators may be used
instead of the bandpass filters 31 in cases where they are preferable
for some reason. The frequency modulation is kept in step with the '
time base of the cathode-ray tube 4 Egggugh_guggnnectlon between the\
time base circuit 10. The Output ‘wires of all measuring element cir-
cuits 1 are connected in parallel and fed through a common amplifier

2 to a cathode-ray tube 4 as illustrated in Figure I.

Figures 11 and 12 show other setups of the measuring circuits
1. Figure 11 shows a setup 1n which the bridge 1 is replaced by a pair
of symmetric transformers 32, equipped with mechanical devices (indi-
cated at 33) to alter their conversion ratios. In the setup illustrated
in Figure 12, two identical capacitors 34 have movable third electro-
des 35. Each of these setups are suitable for measuring linear and
angular shifts, whereby the parts 33 and 35 are coupled with parts of
which the relative displacement is measured.

The resistance bridge circuit shown in Figure 4 may be re-
placed by a conventional reactance bridge of some kind. For example,
the measuring element 16 may be a capacitor designed in such a manner
that the capacity value is changed by mechanical movement or shift of
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the measuring element in a conventional manner. The configuration of
the output pulse will be similar to that shown under P4 in Figure 4,
provided that the time comstant of the bridge 1 is not smaller than
the period of the pulse; preferentially it is at least ten times as
long.
The bridge elements 16 and 17 may be inductances; one or
both designed in such a manner that the inductance is changed. by mech-
anical movement of a ferromagnetic core. If, under such circumstances,
a square pulse is applied to the bridge, the output pulse rises at the
opposite diagonal to a maximum value and decreases exponentially. The
square configuration of the pulse, for which the display is designed,
may then be reestablished by inclusion of a differentiating circuit
between the bridge 1 and the amplifier 2. The differentiating circuit
may consist of a small capacitor in series with one or both output
wires, whereby the time constants of the capacitor and the circuit
loading are smaller than the pulse period.

Undesirable components result from blind or effective resis-
tance when capacitive or inductive bridge branches are used. They are
eliminated by measuring the height p of the pulse Pz (Figure 4) in
the above-described manner.

The method covered by the invention has certain advantages in
cases where the effects t¢ be measured occur on parts that are rela-
tively inaccessible or are in motion, since the connection between the
measuring element may be established by means of capacitive or inductive
coupling. In cases where pulses are obtained by modulation of an alter-
nating current, there is no need for separate inductive or capacitive
couplings for each of the channels to the measuring elements on the
rotating or otherwise moving part. The frequency-selective circuits may
be fitted to the moving part, so that only a single outgoing and a single
returning path is needed for the signals of, say, ten elements for the
measurement of the stresses. These paths may be established by means of
radio transmission.

As shown in Figure 13, for example if it is intended to measure
the stresses at various portions of a propeller 36 in a flying aircraft 37,
it is possible to couple the measuring element bridges 1 and bandpass
filters 31 in a circuit of the kind illustrated in Figure 10 in such a
manner to the readout instrument 4 that there is no need for having brush
contacts on the propeller shaft. The parts of the bridges 1 and the filter
31 may be fitted directly to the propeller blade in the manner illustrated
in Figure 13. The manner in which a remote measuring system may be used be-
tween the aircraft 37 and a ground station 38 is also indicated. In the
illustration, a frequency-modulated oscillator of the kind shown in Figure 10
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is coupled with a series of bandpass filters 31 and measuring bridges

1 through the wires 38 which lead through the propeller shaft 39 and
are connected at their inner ends by means of insulated slide rings 40
forming one electrode of a capacitor of which the other electrode 41

is connected to the output of the oscillator 30. A similar capacitor
coupling 42, 43 connects the measuring element output lines 44 with an
amplifier 333 of which the ocutput is fed through a transmitter 45 to an
antenna 46. The transmitter modulates a carrier wave with the output ’
pulses.

An antenna 47 in the ground station receives the waves radia-
ted from the aircraft (the ground station is identified by the symbol 38);
it then transmits the signals to a receiver 49. The receiver output is
divided, one part goes to an amplifier 2b ywhich passes the amplified
measuring element output pulses to the Y Y electrodes of the tube 4. The
other part of the output is passed to a stroboscope 50 and time base 10, and
thereafter to the X electrodes of the tube 4. By using this setup, the
carrying of heavy and sensitive control and measuring devices in the
aircraft is avoided. Temperatures or other physical parameters may be
measured in other rotating, reciprocating, or vibrating parts from a
remotely located test area. If so desired, the pulses from the indivi-
dual measuring elements may be separated from those from other measuring
elements, and measured with different instruments. For example, it is
possible to measure various locations of a test part subjected to par-
ticularly high stresses while the part is in actual use.

TE;

. A major advantage of the invention is the possibility of mea-
suring precisely a shock pulse that lasts for a mere few microseconds.

It was found that conventicnal wire resistor elements are suit-
able for the measurement of stresses with pulses lasting for 10 micro-
seconds at a frequency of 10 kHz. The height p of the pulse Pz in Figure
4 is then of adequate duration for measuring in the above-described manner.

The period of the initial perturbance of the output pulse Pz
may be shortened by reducing the scatter reactances in the circuit, as
well as by reducing the time constants through the use of a low impedance
for the measuring element. Then it becomes possible to use shorter
pulses andﬂthus]higher frequencies of mechanical stress may be depicted.

An improved wire measuring element is shown in Figure 14 It is

a conventional fine wire resistor wire in z- 21gzag arrangement 37 adhesive-
mounted to a flexible substrate strip 38. The resistance of the element
is best made to equal the impedance of the symmetric two-strand wire 36.
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Figure 15 shows a similar setup, in which a shielded concentric
wire 39 is used. The center conductor 40 is connected at one end of the
_ wire element 37 and the outer mantle 41 1é]connected at thelother end. The|
outer mantle 41 which may be a copper-wire braid, is extended to form an
electrostatic shield 42 around the wire measuring element; the entire unit
is mounted on the flexible metallic or non-metallic substrate or carrier 38.

Figure 16 shows a shielded two-strand cable 36a and two measuring
elements 37 and 372 that form the two arms 16 and 17 of the bridge circuit
1lin Flgure 4. The element 37 is adhesive- mounted on the flexible substrate
or carrier 38, and the element 378 is adhesive-mounted to a substrate 38a
The latter substrate is attached to the main substrate 382 only at one end
so that the element 372 is not subjected to any stress. A "A flexible metallic
mantle 42 sheaths the two measuring elements; it is mounted on the sub-
strate 37.

In the above-described designs, the zigzag wire resistance element
may be replaced by a conductive cover or a layer in order to improve the
electric performance of the measuring element as a high-frequency terminal
for the cable, reducing its inductance.

|CLATMS OF PATENT |

1. Method for measuring a physical value with the aid of an
electric measuring device which is incorporated in .one branch of a bridge
circuit, characterized by the fact that the bridge is fed by a series of
pulses of electric energy with a relatively high repetition frequency,
wherein a selected characteristic of the resulting modulation of the
pulses is established (for example with the aid of bandpass filters).

2. Method according to Claim 1, characterized by the fact that
the selected characteristic of the pulse modulation is visibly displayed.

3. Method according to Claim 1 or 2, characterized by the fact
that the physical effects are measured simultaneously on a number of lo-
cations by means of feeding pulses from the same source sequentially to
measuring devices at said location.

4. Method according to Claim 3, characterized by the fact that
several selected pulse modulation characteristic lines are indicated on
a common measuring device or are measured on same device.

5. Method according to Claim 1, 2, 3, or 4, characterized by the

fact that the pulses are generated by amplitude modulation of a direct
current.
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6. Method according to Claim 1, 2, 3, or 4, characterized.by the
fact that the pulses are generated by amplitude modulation of an alternating
current.

7. Method according to Claim 5 or 6, characterized by the fact
that the degree of modulation is 100%.

8. Method according to one of Claims 1 to 4, characterized by the
fact that the pulses are generated by frequency modulation of an alternating
current of high frequency for short discrete time periods.

9. Method according to Claim 8, characterized by the fact that
several measuring devices are fed by pulses from a common source of al-
ternating current, and each measuring device is fed by a pulse having
a different modulation frequency that is characteristic for the measuring
device concerned.

10. Method according to Claim 9, characterized by the fact that
the frequency of the modulation is progressively changed from a starting
level to a final level and then dropped rapidly to the starting level
during each cycle, and that this sequence is repeated for each subsequent
cycle and that each measuring device is fed through an appropriate band-
pass filter tuned in such a manner that it accommodates a frequency
range that is characteristic for the measuring device concerned.

11.Method according to Claim S or 10, characterized by the fact
that the duration of each pulse continues to be defined by the amplitude
modulation of the alternating current. ‘

12. Method according to one of Claims 1 to 4, characterized by the
fact that the pulses are generated by phase modulation of an alternating
current for brief period of time.

13. Method according to one of the foregoing claims, characterized
by the fact that the output, or each output, of the measuring device is
demodulated and measured by separate devices.

14. Method according to one of Claims 1 to 13, characterized by
the fact that the pulses derived from a measuring device are reconstructed
in their configuration before they are fed to the measuring or display
periods.

15. Method according to one of the foregoing claims for the mea-
surement of physical values in relatively inaccessible locations, character-
ized by the fact that the measuring device is coupled to the measuring or
display instrument through broadcast connection.
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16. Electric measuring device, characterized by the fact that
there is a measuring instrument connected to one branch of a bridge cir-
cuit, a pulse generator to generate pulses of relatively high pulse re-
petition frequency to feed a measuring instrument and means to dis-
play a characteristic modulation of the pulses by the measuring device
if it is exposed to the physical effects to be measured.

17. Apparatus according to Claim 16, characterized by the fact
that a measuring device is connected in one branch of a Wheatstone bridge
circuit to which the pulses are fed diagonally.

18. Apparatus according to Claim 16 or 17, characterized by
the fact that the pulse indicating or display unit encompasses a pulse
amplifier and a cathode-ray tube.

19. Apparatus according to Claim 16, 17, or 18, characterized
by the fact that several measuring devices and means are provided to
feed pulses in a predetermined sequence to said apparatus.

20. Apparatus according to Claim 19, characterized by the fact
that the outputs of the various measuring devices are fed to a common
indicating or display umit.

21. Apparatus according to one of Claims 16 to 19, characterized
by the fact that the pulse generator operated in such a manner that it
~generates direct current pulses.

22. Apparatus according to one of Claims 16 te 19, characterized
by the fact that the pulse generator operates in such a manner that it
generates alternating current pulses.

23. Apparatus according to Claim 22, characterized by the fact
that the pulse generator encompasses means for the amplitude modulation of
high-frequency alternating currents for the generation 6f pulses.

24. Apparatus according to Claim 23, characterized by the fact
that the degree of modulation is 100%.

25. Apparatus according to one of Claims 16 to 19, characterized
by the fact that the pulse generator has means for phase modulation of an
alternating current . for short periods of time, whereby each corresponds to
the desired pulse duration.
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26. Apparatus according to one of Claims 16 to 19, characterized
by the fact that the pulse generator encompasses a frequency-modulated 0s-
cillator, and has means for feeding a modulated output therefrom. to a mea-
suring instrument to generate short periods of equal intervals for the pur-
pose of generating pulses.

27. Apparatus according to Claim 26, characterized by the fact
that there is a number of measuring instruments, a frequency-modulated
oscillator, means for cyclically'altering the modulation frequency pro- -
gressively from a predetermined initial level to a predetermined fimal
level, followed by an abrupt reestablishment of the initial value during
each cycle, as well as means connected between the oscillator and the cor-
responding measuring instrument operating in such a manner that they pass
a specific frequency range to the oscillator input, whereby said frequency
range is characteristic for the measuring instrument concerned.

28. Apparatus according to Claim 27, characterized by the fact
that each measuring instrument is connected to the oscillator through a
bandpass filter.

29. Apparatus according to Claim 27, characterized by the fact
that each measuring instrument is connected to the oscillator through
a piezoelectric crystal resonator.

30. Apparatus according to Claim 27, 28, or 29, characterized by
the fact that an amplitude-modulating circuit is connected to the oscillator,
whereby said circuit is synchronized in such a manner that the amplitude of
the oscillator output is abruptly reduced for a brief period between con-
secutive frequency bands.

31. Apparatus according to one of Claims 16 to 30, characterized
by the fact that the pulse is fed to one measuring instrument by means of an
inductive or Capaci;:tj_yea__gggR;_ix}_ng

32. Apparatus according to one of Claims 16 to 19, characterized
by the fact that there are means for demodulating the measuring instrument
output and measuring the demodulated output at a separate measuring device.

33. Apparatus according to one of Claims 16 to 19, characterized
by the fact that there are means for reestablishing the configuration of
the pulses derived from the measuring instrument before they are fed to
display instruments.
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34. Apparatus according to one of Claims 16 to 31, characterized
by the fact that each measuring instrument is coupled to a separate mea-
suring or display device by means of radio transmission.

35. Apparatus according to one of Claims 16 to 34, characterized
by the fact that the measuring instruments encompass a resistance element
mounted on an insulating substrate and that the element is surrounded by a
conductive layer. '

M~
3
b

36. Apparatus according to Claim 35, characterized by the fact
that a second, identical resistance element is mounted to a holder adja-
cently to the first element in such a manner that it is protected from the
pPhysical effects being measured.

37. Apparatus according to Claim 35 or 36, characterized by the
fact that the resistance element has a conductive film or coating, as well
as a layer that surrounds the film, and that the parts are designed in
such aumanner that the measuring instrument forms a tuned terminal for a
high frequency wire to establish connection between the measuring instrument
and the test circuit,
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Translated for National Aeronautics and Space Administration under contract
No. NASw 2483, by SCITRAN, P. O. Box 5456, Santa Barbara, California, 93108.
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